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(54) PROCESS FOR THE MANUFACTURE OF INSOLUBLE 
SYNTHETIC PRODUCTS BASED ON POLYESTER- 
POLYURETHANE-EPOXIDE RESINS 

(71) We, REICHHOLD-ALBERT-CHEMIE AKTIENGESELLSCHAFT, 
a Body Corporate organised and existing under the laws of Western Germany, of 
Iversstrasse 57, 2 Hamburg 70, Germany, do hereby declare the invention, for which 
we pray that a patent may be granted to us, and the method by which it is to be 
5 performed, to be particularly described in and by the following statement: — 

The invention relates to a process for the manufacture of synthetic resins based 
on novel epoxide compoimds, which contain ester groups and urethane groups and 
which can be reacted in the conventional manner, by diermal polymerisation or by 
reaction with compoimds which possess functional groups capable of reaction with 
epoxide groups, to give end products with good properties. The reaction can be car- 
ried out in the presence of unsaturated polymerisable monomers and/or reactive 
diluents. 

It is known to manufaaure epoxide compounds by reaction of a diisocyanate (for 
example toluylene-diisocyanate) with glycidol in a molar ratio of 1 : 2 (A. A. Berlin and 
A. K. Dabagova, Vysokomolekulyarny Soedinenya, 1, 946—50 (1959), German Patent 
862,888). 

Furthermore, polyurcthane-diglycidyl-cthcrs arc known which have been manu- 
factured from 1 mole of polyalkylene-etherglycols, 2 moles of organic diisocyanatcs 
and 2 moles of a component which possesses a hydroxyl group and an epoxide group 
(U.S.A. 2,830,038). 

Further, polyurethane-diglycidyl-ethers are known which are manufactured via 
the monodilorhydrin-ether of the diol, the dehydrohalogenation to give the mono- 
glycidyl-etheralcohol and its reaction with diisocyanate, optionally with polyether- 
alcohols being simultaneously present (see Jellincck, Advances in the Field of Plasticisa- 
tion of Aromatic and Cycloaliphatic Epoxide Resins, 2nd International Conference 
on Glass-fibre reinforced Plastics and Casting Resins in Berlin, 13, — 18.3.1967). 

According to the present invention there is orovided an epoxide compoimd'of 
the formula 
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30 wherein Ri represents the residue of maleic acid phdialic acid, or terephthalic acid 30 
after removal of caiboxylic acid groups, R, represents the residue of bis-(hydroxy- 
methyl)-tricyclodccane or hydroxy methylstearyl alcohol after removal of hydroxyl 

[Pric^ 25p] 
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groups, R. represents an aliphatic hydrocarbon radical or a cyclo aliphadc, aromatic, 
all^l aromatic or heterocyclic hydrocarbon radical with 1 to 4 rings, represents an 
alk>lene radical containing 1 to 6 carbon atoms, or a radical derived from a glycidyl 
ester of an hydroxy-acid or from a monoglyddyl ether of a polyhydric alcohol or 
Dhenol, and n is 1 to 3. ^ . 

Where R- represents an aromatic or cyclic radical, the rmg or rings may he 
optionally substituted witli alkyl or alkoxy groups having 1 to 15 carbon atoms, mediane 
groups, carbonide groups or halogen atoms. R- may also represent radicals containing 
a number of condensed or non-condensed rings. 

The invention includes a process for the preparation of the above epoxide com- 
pound^ which comprises reacting an adduct of a di- or potyisocyanatc and a polyester 
v;ith a compound which contains at least one hydroxj'l group and at least one epoxide 
gtoup^ said adduct having at least two isocj'anate groups and said polyester being 
derived from the dicarboxyh'c acid of Ri and one or more diols of Rn. 

The polyesters employed for the manufacture of the adducts are appropriately 15 
obtained by reaction of 1 mole of the dicarboxyllc add and 2 moles of the diol. ^ 

To manufacture the epoxide compounds, 1 mole of the adduct with terminal 
NCO groups is in particular reacted, with 2 moles of a compound containing a 
hvdrosyl group and an epoxide group. 

To illustrate the method of manufacture of the new polyester-polyglycidyl-ure- 20 
thanes, the method of manufacture for the particular example of the "polyester-digly- 
cidyl-urethane" from bifunciional derivatives (diisoc>'^anate, diol, dicarboxylic acid 
and a compound which contains an epoxide group and a hjxiroxyl group, for example 
glj'cidol) is explained in the following reaction scheme: 

HO— polyester— OH +2 OCN— R— NCO— ^polyester 25 
(GOG— NH— R— NCO)2 

(I) 

(I) +2 HO-CH2-CH-CH2 -polyester(OOC-NH-R-NH— 



polyester-diglycidyl-urethane. 

According to tlie reaction scheme, 2 moles of a diisocyanate are reacted in a known 
mamier with one mole of a polyester v/ith terminal hydroxyl groups to give a polyester- 30 
diurethane adduct (I) having terminal NCO groups. The' reaction of one mole of (I) 
wjtli two moles of glycidol is preferably carried out in the presence of solvents (for 
example benzene). The reaction temperature should not be higher than 110°C (pre- 
ferably SO^C). 

The polyester used, having at least 2 hydroxyl groups, is manufactured according 35 
to generallj' known processes v/itli an excess of the polyhydric alcohol component. 
The suitable molar ratio of the polyhydric alcoliol to the polycarboxj'lic acid is 2:1 
to 4:3, preferably 2:1 to 3:2. 

The reactions, vAiich arc in themselves knov/n, for the manufacture of the new 
epoxide compounds always take place quantitatively. It is of course also possible to 40 
employ mixtures of two or more of ilic dicarboxylic acids at a time. 

As isoc3^nate ccmi^onents, aliphatic and cj'^cloaliphauc as well as aromatic diiso- 
cyanates or polyisocj'anates or combinadons of these types are used. The cyclic 
compounds here compri5e bodi condensed and non-condensed systems. In the latter, 
several rings can be linked to one another by hetcro-atoms or pol>^unctional groups. 45 
At tiie same time it is also possible to employ mixtures of two or more diisocyanatcs 
or polyisocj-anates and aho pohnrcthanes with excess NCO groups, for example 
phenyl-l,4-diisoc3''anatc, toiu}'^lene-2,4-dii30cyanate, toluylene-2,6-diisocyanate, 3,3 '-bis- 
toluyIene-4,4'-diisoc3'anatej S^'-dichlorodiphenyl-diisocyanate, 3,3' - dimethoxy - 4,4'- 
diphenyl - diisocyanate, 4,4' - dimethyl - 3,3' - diisocyanatodiphenylurea, 3,3' - di- 50 
raediyl - 4,4' - diphenyldiisocyanate, 4,4' - diphenyl - diisocyanate, 4,4' - diphen}'!- 
methane - diisocyanate, hexaraethylene-l,6-diisocyanate, 1 - methyl - 2,6 - phenyldi- 
isocyanate, 1 - methyl - 2,4 - phenylcnediisocj^anatc, naphthalene - 1,5 - diisocyanate, 
cctadecyl-diisocyanate, phenylurethane-diisoc3'anate, 2,4,4' - diphenj'l - ether - triiso- 
q;anate, triphenylmethane - 4,4',4" - triisocyanate, trimethyl-hexamethylencdiisocya- 55 
nate, and 3-isocyaiiatoniethyl - 3.5,5 - trimethji - cj-clohexj-l - isocj'anate. 
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for " hydrosyl group and one epoxide grouo it is 

Srh^? ! possible to employ glj-cidol, 2-methy]glycidol, glycidyl esters of hydroxy- 

nriaJ^l* cpoxide coHipcunds Can be converted by theimal polymerisation, appro- 
^ MJ^ ttmperaimes above llOOQ imo spatially «osslinked^iioluble pSS 

10 with v^Wo,^f.™^"°™f^'*' 1°^^^^ ^^^^^^ ^^^'■''^ epo^de groups, which react 
wiA varioi^ ftmcuonal groups, they can be reacted, by a reaction \vhidi is in S 

SZ/i^'^l.'*'?'^^'*'^"" ""'^^ polycarbo:cylic adds or their ^hSes a^d S 
H«™ ' cycloaliphatic, aromatic and heterocyclic amines, which contain at kas* 2 
C \he,f ™ r'°° P'J '° Sive spatiaUy crosslinlced insoluble end pro- 
15 r^^'fl^^"^ compounds, generally loiown as so-called curing agents in the epoxide 
resin field can be employed in stoichiometric amounts. HeTeint 69 to 360«^ ore! 
ffc^'"^r.-^'*°»," v'*"^ °* stoichiometricaUy required ^oS^it ie appropriaS 
iH?r'^°^^'%°"?.^ " polycarbo:.->-lic acids or Aeir anhydrides, m^eic 

Sjf^trep^o^t^tfS" " ""P"""* ^""'""^^ Sro^P^ -P^^^^^^ 
f„ «oT^u '■'^'7'?° can also he carried out with catalytic amounts, appropriately 0 1 20 

ti™ ^ ^tt.?"^^- Po'JTOfnsation of the epoxide compounds according to t]ie inven- 

compounds v/hich possess functional groups Sjpable of reac- 
tion mth epoxide groups, can be carried out in tlie presence of unsatu^ted noiv 05 
merisable monomers and/or so-called reactive diluents unsaturated poly- 25 

,«,c,t,L'lf!^°i^'^'^^?,*° presence of polymerisation initiators for the 

rasiturated polymerisable monomer, such as for example potassium persuIphaVe dibm! 
30 aK^oSr cydohexanone Jem^ di-t-^^l S^^d^ t^d 

and unsaturated polymerisable monomcric compounds are espedally aromatic 

and hcterocychc vinyl compounds such as styrene, methylstyrene, diVinvlbeiS or 
lih^if'^fK''"',-' possible to use ui^aturated hydroSns?Soies 

^-5 tt^' carboxyhc acids and their derivatives, for example 2-chIorobS^^l 

^^T^' T^^ '^^^"^ acrylic acidTsteS^^SS^le 35 

S^^^r*" niethacrylic acid esters, methacrylonittile, «-dilora^k^Sl «- 

ftrr^mploS^ ^"''^'^""^ v.ny,acetonitriS"or vinyl acetate^'^e'Ts^prt 

an ^l^ri^lT^ *~ ^''^"'''^ ^""ents known in the epoxide fidd nhenvl- 

^^St^"^' 2-ethylhexyl-gl3xidyl-ether^and ^SofSe 40 

45 la f^^^tT^H ^^P^'' '"--^ starting coEiponlnteSISd 

fomUaSns '''""'"^ components, thcnTare very many /osSe 45 

For example, products with very good thermal properties are ohtaineH if -,n 

weiglit of maldc anhydride+30% by weight of glycido in 24 hour7--rSoor\Se 
product has a heat distortion point accordhig to Maiteri of I^OOC * 



180 C, has a heat distortion point according to iVlarte^s of 950C 
^S^lrf. with 25% bTwdgL^faT 
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cut test Pives a rating of Gt O B according to DIN 53151, draft of May 1964. The 
l^eJlLS is 1^^^ the pencil hanSiess is 8 H. The fihns are colourless and 

"""^pScts with long-chain and branched diols in the polyest^ ^r^f^Tr ^iToS 5 
5 as for example the mixture of the isomeric hydroxymediyl-stearyl alcohols (Q,-dioI> 5 
can be used as reactive diluents with plastiaser properties. . ^, . 

The resin compositions according to the invention are suitable for use as cast- 
in-, impregnating and laminating resins, especiaUy in die electrical industry, as com- 
ponents of binders, above all of adhesives and syntheuc resm mortars, as components 
10 of coating compositions, especially in the building industry, as lacquer raw matcrids l« 
for tlie manufacture of particularly chemically sesistant lacquers, and as components 
of solvent-free lacquer systems, casting compositions, amongst others m mouW con- 
struction and tool construction, and foams. They can contam known additives, such as 
for example fiUers, colorants, or plasticisers, in the amount which are customary for 

15 *^^^^Yhe examples which follow are intended to explain the invention in more detail: 

^'^^^Manuf^^ of a dicster of phthalic anhydride and TCD-diol 

148.1 g of phthalic anhydride (I mole), 20 
20 392.4 g of TCD-diol (2 moles), 

5.3 g of p-toluenesulphonic acid and 
530 g of xylene are mixed together. 

The solution is boiled under reflux for all round flask possessing a stirrer and 
wat'^r separator, until the separation of water has ended. The soluuon is cooled ai^ 
25 the soh'ent is stripped off on a rotary evaporator. The residue is transferred into a 500 -i^ 
ml round-neclc flask and kept for 8 hours at lOO^C in a waterpump vacuum, whilst 
sdrrinj'. After coohng, the product remains as a highly viscous, transparent residue. 
Acid number: 1 drop of 0.2 NT NaOH causes phenolphtiialein to change colour. 
Theoretical OH number: 207; effective OH number: 186. 
30 Effective OH number/theoretical OH number: 0.89 ^ 
Yield relative to phthalic anhydride, 96% of theory. 

^^^^MaSfacture of a diester-diol from maleic acid dimetiiyl ester and TCD-diol 

110 g of maleic acid dimeths'l ester (1 mole), 
35 392.4 g of TCD-diol (2 moles) and 

5 g of DBLZ (dibutyl-tin-dilaurate). 
The mi/iture is heated to ISO^C in a 500 ml two-neck flask with a water separator, 
und^r a constant stream of nitrogen. The temperature is maintained until the separa- 
tion' of metiianol has ended (approx. 2 1/2 hours). Thereafter the melt is cooled to 
40 120°C and treated for a further 6 hours in a waterpump vacuum. The product is a w 
plastic, transparent substance. 

Theoretical OH number: 237; effective OH number: 163. 
Theoretical OH number/effective OH number: 0.69. 

Yield, relative to maleic acid dimethyl ester, 97% of the theory. 

45 Example 1 45 

A ■ Preparation of die epoxide compoimd 1 

50 g of phthalic acid-TCD-diol-diester (OH number=186) preproduct 1 
29. g of toluylenediisocyanate (0.16 mole) and 

12.5 g of glycidol (0.16 mole). . t. i. . 

5Q 29J2 g of toluylenediisocyanate, dissolved in the same amount by weight of abso- 50 

lute benzene, are brought to the boil, whilst stirring, in a 500 ml three-neck round 
flask equipped with an internal thermometer, reflux condenser and dropping funnel. 
50 g of phthalic acid-TCD-diol-diester, dissolved in 50 g of anhydrous benzene, are 
then slowly added dropwise to the heated solution, so that the internal temperature 

55 does not exceed 90^C (approx. 45 minutes). The mixmres is tiien stirred for a further 55 
hour Thereafter, 12.5 g of glycidol, agam dissolved in the same amount by weight 
of benzene, are slowly added dropwise to the solution over the course of 20 minutes. 
The reaction mixture is stirred for a further hour and then cooled to room tem- 
perature. The solvent is stripped off as far as possible on a roiarj' evaporator. The 
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The product is crystalline and colourless. 
Its epoxide value is 1.61 m.equi/g 
Yield: 9L0 g of epoxide resin 1. 
The epoxide resin 1 con be formulated as follows; 



CH2-O.OC-NH — 



6 Ji 



B 



Production of the insoluble plastic 

^ vl^ o Sty^^'^^^C^ by weight relanve to the epoxide resin 1 employed^ are added 
TH^ J^T^^ ^"'"^ h P^"?^^ is heated to 70_80oc and poSZtTm^ds 
The samples are cured for 1 hour at 90°C+3 hours at 110oC+24to at 24^^^ 
The cured samples have a Martens heat distortion point of ZIT^C 
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n . r . Example 2 

Preparation of the epoxide compound 2 

29.2 I oJ roltLSt7^;Ji°^^r"=^P''''"« ^ number=163) 
12.5 g of glyddol 

reacted, as described in example 1 A, to give the corresponding epoxide compound 

Epoxide value: 1.78 m.equi/g. 

;VKild: 110 g of epoxide resin 2. 

Th<5 epoxide resin 2 can be formulated as follows- 
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Hc-coo- r ^..^vX^ 



CH3 



— NH-C0.0-CH2 



o J ' 



B 



Production of the insoluble plastic 
100 g epoxide resin 2 
27.5 g hexahydrophthalic anhydride 

pteoc IS .b»»e<l, toh^ „cellent m»»h and iid dS^I JSiS,^ 

Preproduct 3 

^I'2^ ^ terephthalic acid dimediyl ester ro.5 mole^ 
98.0 g of TCD-diol (0.5 mole), ^ mole), 

73.3 g of ^a mixture of the isomeric hydroxymediyl-stearyl-alcohols (Q.-diol) 
2.6 g of dibutyl-tin-dilaurate 
arereacted as described in preproduct 2 to give the corresponding hydroxy^ter com- 
OH number=102. 

Yield relative to tcrephthaUc add dimetiiyl ester=98% of theory. 



25 



30 



35 



40 



iNftnnr.irv -«q 



Example 3 

A. Preparation of ihe epoxide compound 3 

89.0 g of polyester=preproducc 3 ^OH numbcr=lOz;, 
29.2 g of toluylenediisocyanatc and 

are rS^^ed ^ in e^^^mW 1 A to give the ODrresponding epoxide compound 3. 
j£poxide value: 0.9 ra.equi/g. 

iSl^inTS^ ^iSire of co.«pom,ds that en be formulated as follo.vs: 
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CH^ 



CO-O-CjgHss- 




co.o -F 
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B Production of the insoluble plastic . j • ca -»i « 

10 g o" 4 epoxide compouJid 3 from e::aniple 3 A are dissolved « f » ^ 
Pii-ctie of equal parts of acetone and chloroform. Twicc descaled "ftal sheet for 
de^«w ngrof 0^5 mm thickness, is sanded degreaned and ^P^ff^y^P^^^^^ 
solution. After 30 minutes' air-drying, the films are pre-cured for 1 hour at 70 C ana 

•^•^ThT^iS'filml^show die highest ratings in the mandrel bending test and in 
the cross-^ tm. On bending over "the smallest mandrel (2 mm), no damage to the 
lacqu« laye« h^^^^^ of Gt O B according to DIN 531 51. draft of 

iMay iifxhe fito 4S^ess is 20 « and the pencil hardness 9 H. The films are colour- 

F«J^^eSple and die resin formulauons given above it is obvious that apart 
from thTiKW eSe compounds, residues of unreacted or only pardy reacted raw 
ma«r/ak, ^products, and compounds of higher molecular weight may be present. 
SSe howS«l do not interfere widi the commeicial use of the reaction products and 
with the conversion to the plastics. 

WHAT WE CXAIM IS:— , , , 

1. An epoxide compound of tlic general formula 

B]^COJ0-R2-O.C0-m-R3{^NH-CO.O-;fi-CH-^^ 

wherein R. represents die residue of maleic acid phthalic acid, or tercphthalic acid 
after removal of carboxylic acid groups, R; represents the residue of bis-(hydrDxy- 
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methyJ)-tncycIodecane or hydroxy methyl-stearyl alcohol after removal of hydroxyl 
groups, Ra represents an aliphatic hydrocarbon radical or a cydo aliphatic, aromatic 
a^Tj aromatic or heterocyclic hydrocarbon radical widi 1 to 4 rings, R^ represents aii 
alkylene radical containing 1 to 6 carbon atoms, or a radical derived from a glycidyl 
ester of an hydroxy-add or from a monoglyddyl ether of a polyliydric alcohol or 
phenol, and n js 1 to 3. 

2. A compound according to claim 1 wherein Ra is a mediyl-phenylene radical 

3. A compound according to claim 1 or 2 wherein R^ is a methylene radical. 

4. A compound according to claim 1 substantially as described herein 

5. A process for the preparation of an epoxide compound as daimed in any one 

of the precedmg clamis which comprises reacting an adduct of a di- or polyisocyanate 

and a polyester with a compound which contains at least one hydroxyl group and at 

least one epoxide group,* said adduct having at least two isocyanate groups and said 

poly^ter being derived from the dicarboxylic add of R^ and one or more diols of R.. 

^5 ^- A process according to daim 5 in which the diisocyanate is toluvlene diiso- 15 

cyanate. 

7. A process according to daim 5 or 6 in which the compound containm*^ an 
epoxide group and an hydroxyl group is glycidol. ^oniamm^ an 

^i'- A process for the production of an insoluble plastics material which comprises 
20 cro^-lmking one or more epoxide compounds as daimed in any one of daims 1 to 4 20 
by heating and/or by reacting said epoxide compound with a curing agent having a 
plurality of functional groups whidi are reactive with epoxide groups 

9. A process according to daim 8 which is carried out in the presence of an 
unsaturated polymerizable monomer and/or a reactive diluent 
25 ^ process according to daim 9 in which the polymerizable monomer is an 25 

aromatic or heterocydic vinyl compound: monomer is an 

or a ^iyti^r^h^^^^^^^ ^ '^^^^^ '^"^ '^^^^ ^^^"^^ S^y^^^l 

nrpc^i^; «f ^/''''^^ according to any one of claims 9 to 11 which is carried out in the 
30 presence of a polymerization mitiator for the unsaturated polymerizable monomer 30 
« o tv' ^""T^^^ according to any one of daims 8 to 12 in v/hich the curing agent 
is a di- or polycarboxyhc acid or anhydride. ^^m^ aycnt 

is mili/aS?^''""^'"^ '° """^ " ^ ""^^^ dicarbo:cylic acid anhydride 



